To answer these questions, we set up an in vivo approach using a H 2 O 2 -sensitive GFP sharply increases ATP and H 2 O 2 production by mitochondria in few minutes. While MFN2 1 0 7 mutations had no effect on basal levels of ATP and H 2 O 2 in axons, it prevented the increase of 1 0 8 ATP production after nerve stimulation. At the opposite, an increased H 2 O 2 production was 1 0 9
observed. Moreover, pathological demyelination reduced ATP production while enhancing 1 1 0 mitochondrial ROS, showing that both neuropathic conditions decoupled the production of 1 1 1 ATP from the production of ROS. We used AT1.03, which is a genetically-encoded fluorescence probe based on fluorescence surface, which determines their wavelength of excitation [33] . RoGFP2 has been converted 1 2 5
into an H 2 O 2 specific probes by fusion with the microbial H 2 O 2 sensor Oxidant Receptor 1 2 6
Peroxidase 1 (Orp1) [31] . The reaction is reversible via reduction by cellular thioredoxin 1 2 7
(Trx) or GRx/GSH [34] . Relative H 2 O 2 levels are measured using the ratio of emitted We first validated mito-roGFP-Orp1 and mito-AT1.03 probes in vivo. Injection of AAV9-1 3 5 mito-roGFP-Orp1 and AAV9-mito-AT1.03 in the spinal cord of mouse pups one day after 1 3 6 birth (P1) resulted in expression of the fluorescent probes in multiple axons that are part of 1 3 7 sciatic and saphenous nerves ( Fig 1A) . Coherent Anti-stokes Raman Scattering (CARS) from lipids without labeling [35] . As myelin is enriched with lipids, CARS microscopy allows 1 4 0 visualizing the myelin sheath around axons in vivo [36, 37, 38] . Using this technique, we 1 4 1 observed that the fluorescent probe signal was encompassed by the myelin sheath, which 1 4 2
shows the probes are expressed in myelinated axons ( Fig 1A) . We then performed an 1 4 3 immunostaining of teased fibers for the mitochondrial marker TOM20 and observed a partial 1 4 4 colocalisation between fluorescent probes and mitochondria ( Fig 1B) , showing probes are 1 4 5 expressed in axonal mitochondria, but not all of them. Consistently, mitochondria located in 1 4 6
Schwann cells surrounding axons were labeled with TOM20 antibody but not with fluorescent 1 4 7
probes. Both probes could be detected in axons of the mouse saphenous and sciatic nerves in showing mito-AT1.03 fluorescence ratio normalized to pre-stimulation values (R/R0) following two successive nerve stimulation period (black bars at the top). The first stimulation results in a slight, non-significant increase; a significant increase is measured after a second stimulation (p=0.0171 at t=45, p=0.0001 at t=50, p=0.049 at t=55; F-value = 2.872; Df=15; n=9 axons in 3 mice change in ATP production [59] in neuronal mitochondria of these mice, in vivo we did not 3 5 5 measure significant differences in these parameters between resting MFN2 R94Q mice and 3 5 6 control mice. A first explanation for this discrepancy is that cultured cells are living in an 3 5 7 environment that is significantly different from the in vivo conditions. This is especially true 3 5 8
in terms of metabolism [60] . Another explanation is that mitochondria physiology is altered, production was completely abnormal: it was largely delayed and was sustained for over at 3 7 3 least 10 minutes. As discussed before the levels of H 2 O 2 result from an equilibrium between 3 7 4 several parameters, so it is difficult to explain this abnormal production. Nevertheless, a 3 7 5 relationship between mitochondrial shape and ROS has been shown in vitro [63] . It has been 3 7 6
suggested that smaller mitochondria result in intra-mitochondrial redistribution of cytochrome antioxidant system and an increased production of ROS [58, 64] . In any case, our data show Looking at the node of Ranvier of MFN2 mutant mice, we found that, similar to control mice, 3 8 8 nodal mitochondria were more metabolically active than internodal ones. As MFN2 mutant 3 8 9 mitochondria do not increase ATP production in active axons, this suggests that nodal 3 9 0 mitochondria are intrinsically more active even in absence of firing. This is consistent with would have been interesting to investigate changes occurring in ATP and H 2 O 2 production of 3 9 5 nodal mitochondria after electrical stimulation but this was impossible due to the small size of 3 9 6 the node and the change of focus that occurs following stimulations. The myelin sheath that covers axons appears to be an important regulator of axonal demyelinated axons showed more mitochondria [29] , which is consistent with a higher energy 4 1 2 demand. oxidative phosphorylation and ATP production is in accordance with previous studies that 4 1 7
reported a decreased ATP production, together with increased ROS levels in demyelinating 4 1 8
diseases [70] . This suggests that actually, mitochondrial ETC complexes are more active and 4 1 9 produce more ROS, but this does not lead to more ATP production. Such a mechanism has 4 2 0 been shown in particular conditions where the goal of mitochondrial activity is to produce TritonX100 in PBS). Then, the samples were incubated with TOM20 (FL-145) primary rabbit PBS and mounted in Immu-mount (Thermo Scientific). Images were acquired at room 5 0 9 temperature using a 20× or 40× objective, a Zeiss confocal microscope LSM710, and its 5 1 0 associated software. One month after the viral injection, the mice were anesthetized with a constant flow (1.5 5 1 5 l/min) of oxygen + 5% of isoflurane in an anesthesia box (World Precision Instruments, Ref. EZ-B800) for 5 min. Thereafter the anesthesia was maintained with a mask delivering 2% 5 1 7
isoflurane at 0.8 l/min. The eyes were protected by eye protection gel (Ocry-gel, TVM, cat. surgery analgesia. The mouse was placed in a silicone mold, lying on its belly, shaved on his 5 2 0
hind paw and the paws immobilized using small pins. The incision area was disinfected with 5 2 1 betadine solution (Vetoquinol, cat. no. 3042413) . The skin was cut using scissors, fat tissue 5 2 2 removed, the gluteus superficialis and biceps femoris muscles were separated to reveal a 5 2 3 cavity crossed by the sciatic nerve, and the sciatic nerve was lifted up using a small spatula. A 5 2 4
long plastic strip was placed underneath the sciatic nerve and this strip fixed using magnets.
2 5
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